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BiochemicalsPre-sowing magnetic field seed treatment effects on biological characteristics of vegetables
and crops have been studied well. However, studies reporting irrigation with magnetically
treated water are scanty. Therefore, the effect of irrigation with magnetically treated water
on turnip seed germination, seedling growth and enzymatic activities was evaluated. The
tap water was treated at 211 mT for 30, 45 and 60 min and used for irrigation of turnip seed
and seedlings. Uniform and healthy turnip seed was sown under randomized complete
block design (RCBD). The germination, emergence rate index, vigor index I and vigor index
II increased up to 28.33%, 11.54%, 57.59% and 32.26%, respectively. The growth parameters
such as seedling lengths, fresh & dry weights, chlorophyll content were also enhanced in
response of irrigation with magnetically treated water. The seedlings irrigated with mag-
netically treated water showed 28.92%, 11.36% and 14.76% higher protein content, alpha
amylase and protease activities, respectively vs control. Results revealed that irrigation
with magnetically treated water has potential to improve turnip germination, seedling
growth and enzymatic activities and this study is also extendable to other vegetables
and crops for the improvement of germination and growth.
 2016 China Agricultural University. Production and hosting by Elsevier B.V. All rights
reserved.1. Introduction
In view of negative impact of chemical treatment, the modern
agriculturists are in research of technologies, based oneco-friendly physical treatment for enhancing the crops
productively and magnetic field pre-sowing seed treatment
proved to be attractive in this regard [1–5]. Researchers
revealed that magnetic field seed pre-sowing treatment leads
to better plant growth and yield than chemical sorts. Besides,
this technology is also eco-friendly, non-polluting to the soil
and is attractive as being affordable to farmers [6]. Research-
ers already have studied the effect of magnetic field treatment
on vegetables and grain crops germination, seedling lengths,
Fig. 1 – Magnetic field stimulator setup for water treatment.
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activities and yields and positive results have been docu-
mented [1,7–14] and use of magnetic field pre-sowing seed
treatment is suggested since it is affordable, non-polluting
to the soil and environment because at present the safety of
environmental is also important along with food production
[1,6,9,11,12,15–37].
Turnip is a tropical legume root that consists of a light or
dark brown periderm and a white, crisp, succulent and
sweet-starchy pulp. The dry weight of turnip is composed of
32% soluble sugars, 15% starch and 1.4% protein. In Asian
countries, cooked turnip can be served as side dish or in
raw, shredded form as a popular ingredient of salad [38].
Turnip is eaten as raw or cooked and is cultivated throughout
the world including USA, China, Pakistan, India, Bangladesh,
Europe, North Africa and Russia [39]. Previously, the effect
of magnetically treated water is reported for celery and snow
pea [40], tomato, wheat and pea [41,42]. However, the effect of
magnetically treated water irrigation on turnip has not been
reported. Therefore, present study was conducted to appraise
the effect of magnetically treated water on turnip seed germi-
nation, seedling growth and biochemical parameters.
2. Material and methods
2.1. Magnetic field stimulator
The magnetic field stimulator used to treat water was con-
sisted of twenty-six permanent magnets (thirteen on each
side) having magnetic field strength of 211 mT. A Polyvinyl
chloride pipe (87 cm length and 12.7 mm internal diameter)
was passed through the magnets. The intensity was mea-
sured along longitudinal and cross-sectional directions of
pipe using magnetic flux meter ELWF (model No. 85396).
The tap water was exposed by passing it through magnetic
field device. Water was treated magnetically at three doses
and denoted as T1 (211 mT, 30 min), T2 (211 mT, 45 min) and
T3 (211 mT, 60 min), whereas T0 (un-treated water) was used
as control. The magnetic field stimulator set up is shown in
Fig. 1.
2.2. Agronomic practice and sowing
Turnip (Brassica rapa L.) seeds were kindly supplied by Insti-
tute of Horticulture Sciences, University of Agriculture Faisal-
abad. For sowing, uniform and healthy seeds were selected by
hand picking and seeds with visible defects, insect damage or
malformation were discarded. The seeds were soaked in
water prior to sowing. For sowing plastic pots (30  25 cm)
filled in by sand was used and turnip seeds were grown under
natural environmental conditions. Before sowing, seeds were
sterilized with 0.05% HgCl2 solution (soaked 10 min) and
washed with distilled water. Sand was washed with distilled
water and dried in open air and then, pots were filled with
dry sand. After filling the parts, sand was saturated with
Hoagland’s nutrient solution (half-strength). The experiment
was laid out under CRBD in triplicate including control. Seeds
were placed on the sand surface and the pots were filled upwith additional sand layer in such a way that seed depth
remained in the range of 2–3 cm and pots were placed under
natural condition and irrigated with magnetically treated
water. The top surface of the sand in the pots was moistened
twice a day using a water sprayer. The experiment was per-
formed from January to March, 2015.
2.3. Determination of water quality parameters
The pH and dissolve oxygen (DO) of water before and after
magnetic field treatment was measured by pH and DOmeters
(Lovibond Senso Direct 150, Germany). Total dissolve solid
(TDS) and total soluble solid (TSS) were measured following
already reported methods [30,32]. The microbial population
was counted by colony counter (analog and digital spec-
trophotometers). Sodium Adsorption Ratio (SAR) and Residual
Sodium Carbonate (RSC) were determined following reported
methods elsewhere [43].
2.4. Response measurement
Association of official seed analysis rule [44] was followed for
germination measurement. The germinated seeds were
counted daily till germination ceased and seedlings (cotyle-
dons visible at the sand surface) were considered germinated.
Germination percentage was estimated using Eq. (1) [45]. The
vigor indices I and II were calculated using relations shown in
Eqs. (2), (3) [13]. Where, TSL and TSDW are presenting total
seedling length and total seedling dry weight (root + shoot),
respectively.
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total seeds
 
 100 ð1Þ
Vigor Index I ¼ Germination ð%Þ  TSL ð2Þ
Vigor Index II ¼ Germination ð%Þ  TSDW ð3Þ
Leaf area was measured by portable leaf area meter (Model
YMJ-A, China). The root and shoot lengths (cm), fresh and dry
weights (g) were calculated of 20-day-old seedlings. Dry
weight was determined after drying seedling at 70 C until
constant weight. The root length was determined from root
neck to tip and shoot from base to tip by scale [11]. All mea-
surements were performed in triplicate and data points were
averaged.
For chlorophyll contents, 20-day-old fresh leaves (0.1 g)
were crushed in small amount of acetone and volume was
made to 5 mL by adding more acetone. Contents were cen-
trifuged, supernatant was collected and absorbancewas mea-
sured at 645 and 663 nm (CE Cecil 7200, UK). The chlorophyll
contents were measured using relation shown in Eq. (4),
where V = volume, W = weight of fresh leaves and A = absor-
bance [46]. The protease and a-amylase activities of germi-
nated seeds were determined using already reported
methods [7].
Tot: Chl ¼ 20:2ðA645Þ þ 8:02ðA663Þ
1000W
 
 V ð4Þ
The nitrogen content was estimated by Kjeldahl method
[47] and crude protein was calculated by multiplying N with
6.25 factor. The nitrogen and protein contents were calculated
on dry matter basis from 20-day-old seedling.
2.5. Statistical analysis
Analysis of variance for each attribute was computed using
Statistica statistical software (Version 8.1) form three inde-
pendent experiments. The least significance difference test
at 5% level of probability was applied to test the differences
among means.3. Results
3.1. Magnetically treated water quality
Various studies have been conducted to evaluate the effect of
pre-sowing magnetic field seed treatment on plant biological
characteristics. However, few researchers reported the effect
of magnetically treated water irrigation on germination, seed-
ling growth, enzymatic activities and yield. Hence, present
investigation was focused to study the effect of magnetically
treated water on turnip seed germination, seedling growth,
chlorophyll content and enzymatic activities. Besides, the
water quality of magnetically treated water was also investi-
gated and results are shown in Table 1. Magnetic field treat-
ment improved the water quality i.e., TSS, TDS, SAR, total
bacterial and total coliform count decreased as a result of
magnetic field treatment, whereas, dissolve oxygen, RSC
and pH of magnetically treated water increased slightly. The
magnetic field treatment of tap water affected the water qual-
ity parameters positively i.e., increase in pH, DO and RSA anddecrease in TSS, TDS, SAR and microbial load is a sign of
improvement in water quality and treated water is useful
for irrigation purpose [30,32].
3.2. Germination
The germination results of turnip seeds in response of irriga-
tion with magnetically treated water are shown in Table 2 and
analysis of variance (ANOVA) is given in Table 3. Results
showed that irrigation of turnip seed with magnetically trea-
ted water enhanced the germination (P < 0.05). Seed germina-
tion was more uniform, irrigated with magnetically water as
compared to control (seed irrigated with un-treated water).
Among total sowing seeds, 72%, 79.5% and 90% seeds were
germinated in T1, T2 and T3 treatments, respectively, whereas
64.5% seed was germinated in control (T0). Hence, germina-
tion percentages of 10.42%, 18.87% and 28.33% were higher
in T1, T2 and T3 as compared to control (Table 4). The emer-
gence rate index was increased as result of irrigation with
magnetically treated water and T1, T2 and T3 showed emer-
gence rate index values of 6.50, 6.50 and 6.0, respectively,
while in control the emergence rate index value was 5.75.
The percentage increase in emergence rate indexes were
11.54%, 11.54% and 4.17% higher in T1, T2 and T3 group of
plants, respectively over control. The vigor index I and II were
also found out to be significantly higher than control. The
vigor index I values were found out to be 752.68, 1166.76,
1420.07 and 1774.94 for T0, T1, T2 and T3, respectively and were
35.49%, 47.00% and 57.59% higher than control, respectively.
The vigor index II values were 5.74, 6.16 and 7.47, respectively
in T1, T2 and T3 irrigated pots seedlings, respectively and these
values were 11.88%, 17.87% and 32.26% higher than control
(5.06) for T1, T2 and T3, respectively.
3.3. Growth characteristics
The turnip root and shoot lengths, dry and fresh weights were
increased as a result of irrigation with magnetically treated
water (Table 2). The shoot lengths were found to be
13.44 cm (31.55% higher vs T0), 15.24 cm (39.63% vs T0) and
16.85 cm (45.41% vs T0), whereas control showed shoot length
of 9.20 cm. The recorded turnip root lengths were 2.77 cm,
2.62 cm and 2.87 cm for T0, T1, T2 and T3, respectively and
2.47 cm in control. The percentage increments in root lengths
were 11.03%, 6.20% and 14.27% for T1, T2 and T3, respectively
vs control. Similarly, the seedling dry weights in response of
irrigation with magnetically treated water were also
increased (P < 0.05) as compared to control. The root fresh
weights were 2.72%, 9.93% and 10.59% higher in T1, T2 and
T3, respectively than control, whereas root dry weights
increased up to 21.88%, 9.09% and 28.57% in T1, T2 and T3 trea-
ted seedling, respectively. The percentage increment in shoot
fresh weights were 22.76%, 47.17% and 53.91%, while 8.90%,
13.00% and 25.00% higher shoot dry weights were recorded
in T1, T2 and T3 treatments, respectively vs T0.
The leaf area and chlorophyll contents play a vital role in
light perception for photosynthesis and other photo-
chemical reactions. Both leaf area and chlorophyll content
increased in turnip seedlings raised from seed irrigated with
magnetically treated water. Leaf area values were recorded
Table 1 – Water quality parameters of un-treated and magnetically treated water.
Parameters T0 T1 T2 T3
Total soluble solid (mg/L) 662 565 566 578
Total dissolve solid (mg/L) 1140 980 975 970
Dissolve oxygen (mg/L) 2.6 2.6 2.6 2.7
Sodium Adsorption Ratio 2.38 1.79 1.87 1.71
Residual Sodium Carbonate (mg/L) 0.2 0.4 0.4 0.4
pH 7.5 7.7 7.7 7.8
Total bacterial count (CFU/mL) 3.7  104 3  103 2.8  102 2.7  102
Total coliform (CFU/mL) 3.7  103 3  102 2.6  102 2.4  102
T0 = un-treated, T1 = 211 mT, 30 min, T2 = 211 mT, 45 min, T3 = 211 mT, 60 min.
Table 2 – Effect of magnetically treated water on germination, growth and biochemical parameters of turnip.
Parameters T0 T1 T2 T3
Germination (%) 64.5 72 79.5 90
Emergence rate index 5.75 6.50 6.50 6.00
Shoot length (cm) 9.20 13.44 15.24 16.85
Root length (cm) 2.47 2.77 2.62 2.87
Vigor index I 752.68 1166.76 1420.07 1774.94
Vigor index II 5.06 5.74 6.16 7.47
Leaf area (cm2) 8.63 9.50 11.74 13.74
Chlorophyll contents (mg/g FW) 0.958 1.056 1.305 1.526
Root fresh weight (g) 0.304 0.3125 0.3375 0.34
Root dry weight (g) 0.025 0.032 0.0275 0.035
Shoot fresh weight (g) 0.280 0.363 0.530 0.608
Shoot dry weight (g) 0.044 0.048 0.050 0.058
Nitrogen content (%) 1.16 1.40 1.51 1.56
Protein content (%) 23.57 25.06 29.86 33.17
Alpha amylase (mg/g FW) 0.39 0.41 0.44 0.43
Protease (mg/g FW) 0.35 0.38 0.40 0.42
T0 = control, T1 = 211 mT, 30 min, T2 = 211 mT, 45 min, T3 = 211 mT, 60 min.
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2 (26.51% vs T0)
and 13.74 cm2 (37.18% vs T0), whereas leaf area in control
seedling was 8.63 cm2. Chlorophyll contents were recorded
to be 0.958 mg/g, 1.056 mg/g, 1.305 mg/g and 1.526 (mg/g) in
T0, T1, T2 and T3, respectively and these values were 10.04%,
27.20% and 37.75% higher than control in case of T1, T2 and
T3, respectively.
3.4. Biochemical parameters
The nitrogen and protein contents of seedling irrigated with
magnetically treated water were also enhanced. The nitrogen
contents found to be 1.16%, 1.40%, 1.51% and 1.56% in T0, T1,
T2 and T3 seedlings, whereas protein contents were recorded
to be 23.57%, 25.06%, 29.86% and 33.17% in T0, T1, T2 and T3,
respectively. The nitrogen contents were 17.03%, 98.12% and
25.80% higher than control and 5.93%, 21.04% and 28.92% pro-
tein contents were recorded to be higher in T1, T2 and T3,
respectively vs control.
The enzymes measured during germination revealed that
a-amylase and protease activities were enhanced in seeds
irrigated with magnetically treated water. It is well know that
enzymes play an important role during germination and
seedling early growth since a-amylase enzyme hydrolyze
stored starch into sugars, whereas protease convert protein
into amino acids and thus, both enzymes provide nutritionto germinating seed and the sugars and amino acids are
transported to the growing seedlings for nourishment of
growing seedlings [13,48]. The a-amylase contents were
recorded to be 0.39, 0.41, 0.44 and 0.43 (mg/g fresh wt) and
protease contents were 0.35, 0.38, 0.40 and 0.42 (mg/g fresh
wt) in T0, T1, T2 and T3 treated seeds, respectively. The per-
centage increase in a-amylase contents were 4.88%, 11.36%
and 9.30% and in case of protease 5.79%, 10.50% and 14.76%
higher activities were recorded in T1, T2 and T3 group, respec-
tively as compared to control (T0). These finding are in line
with previous studies regarding pre-sowing magnetic field
seed treatment effect on enzymatic activities i.e., a-amylase
[49] and protease activity [50,51]. Previous studies regarding
effect of magnetically treated irrigation also supported the
findings of present investigation i.e., in snow peas, 7.8%,
5.9% and 6.0% higher pod yield with magnetically treated
potable water, recycled water and 1000 ppm saline water
was achieved, respectively. It was also reported that irrigation
with magnetically treated water reduced the soil pH and
increased soil electrical conductivity and available P in celery
and snow pea [40]. In another study [42], it was claimed that
the magnetic treatment of water can improve water quality
and greenhouse experiments were conducted to study the
effect of magnetically treated water on germination, growth,
physiological and biochemical parameters in Lycopersicon
esculentum L., Triticum aestivum L. and Pisum sativum L. Results
Table 3 – Analysis of variance (ANOVA) calculated for measured parameters.
Parameters SOV DF SS MS F P
Germination (%) Treatment 3 39.5 13.1667 21.07** <0.001
Error 8 7.5 0.625
Shoot length (cm) Treatment 3 0.675 0.225 0.02NS 0.996
Error 8 144.987 12.0882
Root length (cm) Treatment 3 0.3664 0.1221 4.51* 0.024
Error 8 0.3249 0.0271
Leaf area (cm2) Treatment 3 63.59 21.196 17.55** <0.001
Error 8 14.49 1.208
Root fresh weight (g) Treatment 3 0.00682 0.00227 0.25NS 0.86
Error 8 0.10902 0.009098
Root dry weight (g) Treatment 3 0.00025 0.0000183 0.47NS 0.712
Error 8 0.00215 0.000179
Shoot fresh weight (g) Treatment 3 0.0328 0.011 0.45NS 0.723
Error 8 0.2934 0.0244
Shoot dry weight (g) Treatment 3 0.000432 0.000144 0.47NS 0.754
Error 8 0.004238 0.000358
Emergence rate index Treatment 3 5.3 1.7667 26.486** 0.0007
Error 8 0.8 0.0667
Nitrogen contents (%) Treatment 3 0.3856 0.12854 11.78* 0.001
Error 8 0.131 0.01091
Protein contents (%) Treatment 3 16.233 5.411 0.52** 0.006
Error 8 4.712 0.039
Alpha amylase (mg/g) Treatment 3 0.0044 0.00148 0.15NS 0.92
Error 8 0.08 0.01
Protease (mg/g) Treatment 3 0.008 0.0026 0.07NS 0.97
Error 8 0.32 0.04
Vigor index I Treatment 3 1,666,402 555,467 55.5** <0.001
Error 8 80,000 10,000
Vigor index II Treatment 3 9.2744 3.09148 3.09NS 0.089
Error 8 8.0 1.0
Chl. contents (mg/g) Treatment 3 0.58828 0.19609 4.90* 0.03
Error 8 0.32 0.04
SOV = source of variation, DF = degree of freedom, SS = sum of square and MS = mean square, P = probability.
NS-non significant.
* P < 0.05.
** P < 0.01.
Table 4 – Percentage effect of magnetically treated water on germination, seedling growth and enzymatic activities.
Parameters T1 T2 T3
Germination percentage 10.42 18.87 28.33
Emergence rate index 11.54 11.54 4.17
Shoot length (cm) 31.55 39.63 45.41
Root length (cm) 11.03 6.20 14.27
Vigor Index I 35.49 47.00 57.59
Vigor Index II 11.88 17.87 32.26
Leaf area (cm2) 9.16 26.51 37.18
Chl. contents (mg/g) 10.04 27.20 37.75
Root fresh weight (g) 2.72 9.93 10.59
Root dry weight (g) 21.88 9.09 28.57
Shoot fresh weight (g) 22.76 47.17 53.91
Shoot dry weight (g) 8.90 13.00 25.00
Nitrogen content (%) 17.03 98.12 25.80
Protein content (%) 5.93 21.04 28.92
Alpha amylase (mg/g) 4.88 11.36 9.30
Protease (mg/g) 5.79 10.50 14.76
T1 = 211 mT, 30 min, T2 = 211 mT, 45 min, T3 = 211 mT, 60 min.
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mination percentage and seedling vigor index. Magnetically
treated water also increased plant height, leaf area per plant,specific leaf area and leaf relative water content. In response
of irrigation with magnetically treated water, the
photosynthetic pigments, UV-absorbing substances, activities
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drates, phenolics and mineral contents were also enhanced
and these changes have been correlated with the modifica-
tion in the membrane integrity of leaves and some endoge-
nous hormones in shoots [41]. Hence, previous finding and
results of present study revealed that seed irrigation with
magnetically treated water has potential to enhance the ger-
mination, seedling growth and enzymatic activities. However,
for application at farmer level, magnetically treated water for
irrigation must be tested under field conditions with the
anticipation of farmer to correlate the laboratory based
results with field based actual findings.
4. Discussion
Studies reporting the effect of pre-sowing magnetic field seed
treatment on germination and growth are common. There is
a lack of studies highlighting the effect of irrigation with mag-
netically water on plant characteristics. Present study was
conducted to appraise the effect of magnetically treatedwater
on turnip seed germination, seedling growth, chlorophyll
content and enzymatic activities during early growth stages
and positive effects of magnetically treated water on germi-
nation, growth and enzyme activities were observed. Besides,
the magnetic field treatment of tap water also improved the
water quality i.e., TDS, TSS, DO, SAR, RSC and microbial load.
These water parameters are water quality indicator and these
were changed positively in response of magnetic field treat-
ments and treated water enhanced the germination and seed-
ling growth. Moreover, the enzymatic activities (a-amylase
and protease) found to be higher in germinating seeds, irri-
gated with magnetically treated water. The improved water
quality and enhanced enzymatic activities might be responsi-
ble for higher germination in seeds irrigated with magneti-
cally treated water. It is reported that the water quality used
for irrigation is important [30,32] during germination, seed-
ling growth and development since water take part in chem-
ical reactions in cellular organelles, acts as a carrier of ionic
species and transport sugar and protein. Enzymes are also
important since they provide nutrition to germinating seed
by degrading stored food in seed and enzyme also act as
defense system and protect the plants form harmful effects
i.e., reactive oxygen species and other chemical changes
under stress and unfavorable environmental conditions. The
antioxidant enzymes scavenge the oxidative species pro-
duced in cell and protect the plant tissues [9] i.e., magnetic
field seed pre-sowing treatment protected seedlings against
damaging effect of UV-B radiation [52]. The biochemical,
physiological, metabolic activities also changed as a result
of higher enzymatic activities and are responsible for
enhanced germination and fast seedling growth. As a results
of magnetic field treatment, cell membrane permeability may
altered, which might be responsible for fast transfer of water
and energy inside the cell [53] and resultantly, metabolic
pathways might enhance [8]. Previous studies also high-
lighted that the enzymes necessary for seed germination at
different stages of germination were found higher in magnet-
ically treated seeds as compared to un-treated seeds [13]. The
enhanced growth and development at lateral stage might bedue to enhanced enzymes activities [7,9]. Enhanced leaf area
in turnip seedling may result in a greater interception of light
for photosynthetic rates. Hoff [54] reported higher photosyn-
thetic rate and influx of water as a result of magnetic field
treatments. It has been reported that magnetic field treat-
ment improved ion movement across membranes and resul-
tantly, nutrients can exchange to enhance chemical reactions
[55]. The results of present investigation revealed that the irri-
gation with magnetically water have similar effect as shown
by pre-sowing seed magnetic field treatment and could possi-
bly be used to enhanced seed germination, seedling growth,
biochemical and physiological attributes. In view of current
scenario of soil and water reservoirs contamination [11,15–
35,56–62], the use of magnetic field is suggested for the
enhancement of biological characteristics in plant since it is
safer, affordable and eco-friendly.
5. Conclusions
The tap water was treated magnetically at 211 mT for 30, 45
and 60 min and used for irrigation of turnip seed. The effect
of irrigation with magnetically treated water was evaluated
on the basis of germination, seedling growth and biochemical
parameters. Results revealed that magnetically treated water
enhanced germination, seedling growth, protein content,
chlorophyll content and enzymes activities. Water quality
parameters were also improved as a result of magnetic field
treatment. Results reveal that the magnetically treated water
has the potential to enhance seed germination and growth
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